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@ One piece stopper rod. 

@ A one-piece refractory stopper rod has an axial bore (10) 
formed therein for the introduction of inert gas into molten steel 
within a tundish. A metal bushing insert (20) is copressed Into 
the refractory stopper rod and has a threaded bore (22) which is 
positioned coaxialiy with the bore (10) of the stopper rod body. 
A metal attachment rod (30) having an axial bore (36) 
therethrough and a threaded lower shand portion (44) is 
secured within the threaded bore (22) of the metal bushing 
insert (20). The metal attachment rod (30) has an upper 
threaded shank (38) which is adapted to be secured to a 
stopper rod lifting mechanism associated with the tundish, and 
a flanged portion (40) which carries an annular chamfered 
surface (50) facing a like annular chamfered surface (16) formed 
in the bore (10) of the stopper rod to define a gas-tight seal at a 
sealing Interface therebetween. The upper shank includes an 
internally threaded portion adapted to receive a pressurized 
inert gas. The attachment between the metal rod and the 
refractory stopper rod provides increased strength, while 
minimizing gas leakage and air infiltration compared to prior 
stopper rod attacment configurations. 
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SUMMARY OF THE INVENTION 

Briefly stated, the present invention comprises a 
one-piece refractory stopper rod of an elongated 
cylindrical shape and having upper and lower ends 
with an axial bore extending therethrough. The lower 
end may Include a small diameter bore or a porous 
plus, or like means, formed therein which is in 
communication with the axial bore to supply a fine 
dispersion of inert gas to the melt, in a conventional 
manner. A metal bushing insert, preferably of 
stainless steel, is isostatlcally pressed into the 
refractory stopper rod during the manufacturing 
process. The metal bushing insert has an outer 
sidewall carrying a series of spaced-apart ribs to 
provide a mechanical interlock with the refractory 
material during copressing and firing. The bushing 
insert also has a threaded internal bore which is 
coaxially aligned with the bore of the stopper rod. 
The bushing insert is spaced downwardly from the 
upper surface of the stopper rod to provide 
additional pull-out stength. The upper end of the 
bore of the stopper rod has an enlarged counter- 
sunk bore area with an annular chamfered sealing 
surface extending between the enlarged counter- 
sunk bore and the main bore of the stopper rod. A 
steel rod is provided to serve as an attachment 
means between the refractory stopper rod and the 
lifting mechanism of the tundish rigging. The steel 
rod also serves to provide a gas-tight seal in the 
refractory stopper rod. More particularly, the steel 
rod comprises an elongated rod shaped member, 
having an upper threaded shank area and a lower 
threaded shank area with an axial bore extending 
therethrough. Intermediate the upper and lower 
shank areas, is an elarged flanged portion having an 
annular chamfered surface extending inwardly there- 
from which is adapted to match the surface contour 
of the annular chamfered surface of the stopper rod 
bore. In use, the lower threaded shank portion of the 
steel rod is threadably secured within the threaded 
bore of the metal bushing insert of the stopper rod. 
In a fully torqued, seated position, the chamfered 
surface of the steel rod closely faces the matching 
chamfer of the stopper rod bore at the countersunk 
area to form a gas-tight seal therebetween. Prefer- 
ably, a ring-shaped gasket means, such as a high 
temperature graphite washer, may be interposed 
between the chamfered surfaces of the steel rod and 
ceramic stopper rod to provide an Improved gas 
impervious seal. A metal locking ring is placed 
around the upper threaded shank portion of the rod 
member and bears against the upper end of the 
stopper rod. A nut is threadably secured around the 
upper shank area to compressibly engage the 
locking ring and force the ring against the stopper 
rod to provide a firm mechanical grip between the 
metal rod and the embedded metal bushing insert of 
the ceramic stopper rod. The axial bore of the steel 
rod has an internally threaded bore section at Its 
upper end which is adapted to be attached to a 
threaded fitting of a inert gas supply line. Press- 
urized Inert gas is introduced Into the axial bore of 
the steel rod and emitted to the bore of the stopper 
rod for subsequent release into the molten metal 
through the restricted delivery bore or like porous 



means formed at the lower end of the stopper rod. 
The end of the upper shank above the locking ring 
and nut is than secured to the lifting mechanism in a 
conventional manner. 

5 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a partial, cross-sectional, side 
elevational view of a stopper rod and co- 
10 pressed metal bushing insert of the present 

invention. 

Figure 2 is an enlarged, fragmentary, cross 
sectional side view of the upper end of the 
stopper rod, copressed metal bushing insert 
15 and metal rod connection, according to the 

present invention, and 

Figure 3 is a side elevational view, partially 
fragmented, of a metal rod suitable for use In 
connection with the present invention. 

20 

DETAILED DESCRIPTION OF THE INVENTION 

A one-piece stopper rod according to the present 
invention is depicted in Figure 1 and identified by 
reference numeral 2. The stopper rod 2 comprises a 

25 refractory body which is generally cylindrical in 
shape, having an upper end 4 and a lower end 6, with 
an axial bore 10 extending from the upper to lower 
ends. A smaller diameter bore 12 communicates 
with the bore 10 at the lower end thereof and 

30 extends outwardly to meet a hemispherically shaped 
seating surface 8 formed at the lower end thereof. 
Surface 8 is adapted to engaged a seating surface at 
the bottom of a tundish to seal off a metal discharge 
port in the bottom of the tundish (not shown) when 

35 the stopper rod 2 is in lowered position. When the 
stopper rod is raised by a suitable lifting mechanism 
(not shown), molten metal flows past the seating 
surface 8 and is permitted to flow from the tundish to 
a continuous casting mold positioned therebelow 

40 (not shown). A pressurized inert gas, such as argon, 
is introduced to the axial bore 10 of the stopper rod 
to be discharged from the lower end of the stopper 
rod through the smaller diameter delivery bore 12. 
Other conventional gas delivery means may be 

45 employed, such as, for example, a separately formed 
porous plug or a gas permeable nose section, as 
disclosed in U.S. Patent No. 4,791.978 to Mark K, 
FISHLER. 

A typical stopper rod 2 has a length of about 

50 1460mm (4.76 feet) and an outside diameter at the 
upper end 4 of about 160mm (6 inches) which tapers 
to a diameter of about 127mm (5 inches) at the lower 
end 6. A typical dimension for the axial bore diameter 
10 is about 34mm (1.33 inches), for example. The 

55 stopper rod 2 is formed from a conventional 
refractory material such as, for example, an alumina- 
silica-graphite refractory material commonly used in 
commercial stopper rods. A typical composition for 
the stopper rod 2 in percent by weight is, for 

60 example, 53 o/o AI2O3. 13 SIO2 and 31 0/0 carbon 
fn the form of graphite, and about 3 0/0 other 
materials, including materials such as zirconia, Zr02. 
for example. 

The stopper rod 2 of the present invention 

65 includes a metal bushing insert 20 which is Isostati- 
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cally copressed and fired along with the refractory 
stopper rod such that in the tired state, the metal 
bushing insert 20 Is integrally joined with the 
refractory materia! positioned substantially coaxially 
with the bore 10 thereof as shown in Figures 1 and 2. 
The insert 20 is preferably constructed of a stainless 
steel material and, more preferably, type 309 
stainless steel. Stainless steel has a lower thermal 
expansion coefficient than carbon steels, while also 
possessing a good resistance to the high tempera- 
ture and reducing conditions commonly found in the 
environment of a stopper rod, while toeing relatively 
Inexpensive. The metal bushing insert 20 is spaced 
from the upper surface 4 of the stopper rod a 
distiance of at least about 50mm (2 inches) in order 
to increase the pull-out strength of the bushing. The 
bushing insert 20 is shaped in the form of an 
open-ended cylinder, having an internally threaded 
bore 22 which, as previously stated,, is positioned 
coaxially with the bore 10 of the stopper rod. The 
bushing insert 20 also has a plurality of outwardly 
projecting fin means defined by alternating grooves 
and ridges 24 formed around the outer srdewall 
thereof, which serve to enhance the mechanical 
interlocl< between the bushing insert 20 and the 
ceramic refractory stopper rod 2. Th^ grooves and 
ridges 24 are machined on the outside of the 
bushing 20, and have a depth of about 4mm. The 
grooves and rid ges 24 are spaced apart about 
10mm along the length of the bushing 20. Due to the 
fact that the grooves and ridges 24 do not have to be 
large, a relatively small diameter bushing, on the 
order of about 40 to 70mm (1.6 to 2.75 Inches), can 
be used. This feature yields a relatively thici< wall of 
refractory material at the upper end 4 of the stopper 
rod body to provide additional strength when the 
stopper rod is moved vertically to control the flow of 
molten steel within the tundish. There Is also a large 
bending moment constantly acting on the stopper 
rod due to its natural buoyancy when submerged in a 
bath of molten steel. The increased refractory wall 
thickness provide by the relatively small metal 
bushing insert 20 also helps to resist to this bending 
moment. In addition, the fact that the bushing 20 is 
positioned well below the upper surface 4 of the 
stopper rod by a minimum distance of about 50nwn, 
also increases the resistance to pull-out when the 
bushing is in its assembled state with the metal 
mounting rod 30, as will be explained hereinafter. 

The steel bushing insert 20 is adapted to receive a 
metal rod 30 which is shown in Figured 2 and 3. Metal 
rod 30 is preferably machined from a steel bar and 
comprises an upper end 32 and a lower end 34 with 
an upper shank portion 38 and a lowetj shank portion 
40. The upper shank portion 38 has e)|cterna{ threads 
42 formed thereon, while the lower shank portion 40 
carries external threads 44 thereon!. An enlarged 
flanged portion 46 is positioned between the upper 
and lower shank portions and Includes an annular, 
tapered, chamfered surface 60 foimed thereon, 
whose purpose will be explained hereinafter 

The steel rod 30 also has an axial I: ore 36 formed 
therethrough extending from the uppeir end 32 to the 
lower end 34. The bore 36 contains an internally 
threaded portion 36' at Its upper |end, which is 



adapted to receive a threaded fitting (not shown) for 
the introdution of pressurized inert gas therein. The 
upper shank portion 38 also preferably contains a 
pair of oppositely disposed flat surface segments 
6 machined therein to provide a gripping surface for a 
wrench to permit the steel rod 30 to be threadably 
secured and torqued within the metal insert 20. 

As seen in greater detail in Figure 2. the steel rod 
30 is threadably secured by way of threads 44 at the 

10 lower shank portion 40 within the threaded bore 22 
of the insert bushing 20. When the rod 30 is 
sufficiently torqued within the bushing 20, the 
chamfered surface 50 moves Into close engagement 
with a similariy formed countersunk and annular 

15 chamfered surface formed by portions 14 and 16. 
respectively within the upper portion of the bore 10 
of the stopper rod body 2. The area between the 
chamfered surface 50 and the chamfered surface 16, 
preferably contains a ring-shaped gas sealing gas- 

20 ket 48 which is constructed of a high temperature 
material, such as. for example, graphite. The gasket 
48, has a thickness of about 0.4mm. With gasket 48 
in place, we have found that the interface between 
surfaces 50 and 16 provides a gas-tight seal capable 

25 of withstanding gas pressures of up. to 3 bars. In the 
torqued position, the seal between the respective 
chamfered surfaces 50 and 16, prevents air and Inert 
gas leakage therebetween and thus provides pro- 
tection against air infiltration and subsequent harm- 

30 ful oxidation of the cast steel which Is quite prevalent 
in the prior art stopper rod designs. 

The steel rod 30 is secured against rotation within 
in the stopper rod 2 by way of a ring-shaped locking 
or clamping ring 54 which is fitted around the upper 

35 shank portion 38 on the steel rod and firmly held 
against the upper surface 4 of the stopper rod by 
way of a nut 56, which is threadably frtted around the 
threads 42 of the steel rod. 

The upper shank portion 38 of the steel rod 

40 extending above the nut 56 is attached to the rigging 
of a lifting mechanism (not shown) In a conventional 
manner. Inert gas under pressure Is introduced into 
the steel rod at internally threaded bore segment 36' 
and flows through the bore 36 of the steel rod 

45 whereupon It Is introduced into the axial bore 10 of 
the refractory stopper rod body for subsequent 
delivery into the molten metal by way of the 
restricted orifice 12. or by some other conventional 
gas dispersion means such as a gas permeable nose 

50 section, porous plug or the like, as previously 
discussed. 

The diameter of the lower shank portion 40 of the 
steel rod 30 closely matches the diameter of the 
bore of the stopper rod as seen in Figure 2, so as to 

55 yield a close tolerance fit therein and provides 
improved mechanical strength in the assembly. 
Normally, the steel rod 30 has a diameter within the 
range of about 25 to 55mm (1-2.165 inches). 
Maximum strength is obtained when the steel rod is 

60 threaded in to the bushing 20 a distance of at least 
1.6 times the diameter of the steel rod. Therefore, 
allowing for extra length the bushing insert 20 
preferably has a length of at least about 2 times 
greater than the steel rod 30 diameter. Accordingly, 

65 a length of at least about 50 to 1 00mm (2-4 inches) Is 
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preferred for the metal bushing insert 20. We have 
also found that when the chamfered surfaces 50 of 
the steel rod and 16 of the refractory body 2 have an 
angular inclination of about 30° relative to a plane 
passing perpendicularly through the axes of the 
bores 10 and 36, respectively, an excellent gas-tight 
interface Is formed therebetween. 

In actual testing at a steel mill, 40 one-piece 
stopper rod 2. according to the invention, each 
having a copressed steel insert 20 and steel rod 30 
attached thereto, were employed In casting trials 
utilizing a 250 ton ladle size and a 60 ton tundrsh size. 
A 5 ladle sequence pour with an average casting 
time per sequence of 5 hours was undertaken using 
a deep drawing steel and a low alloy steel. The test 
pieces of the invention performed without any 
problems. The average nitrogen pick up between the 
tundish and the continuous casting mold was, on the 
average, about one part per million lower than the 
steel cast with the traditional stopper rod connec- 
tions. The stopper rods were mounted and dis- 
mounted a number of times and were found to be 
considerably easier to handle than the traditional 
stopper rod connection mounts. The one-piece 
stopper rod and steel connecting rod of the present 
invention were found to be very easy to assemble on 
site, and were very safe in use. 



Claims 



1 . A stopper rod adapted for attachment to an 
inert gas supply line and lifting mechanism 
adjacent a tundish comprising : 

an elongated stopper rod body of a refractory 
material having an upper end (4) and a lower 
end (6) and an axial bore (10) extending from 
the upper end to the lower end and including 
means (12) at the lower end (4) communicating 
with the axial bore (10) for emitting an inert gas 
to an exterior surface thereof ; 
a metal bushing insert (20) copressed and fired 
within the stopper rod body, said bushing insert 
(20) having a threaded bore (22) positioned 
coaxially with the bore (10) of the stopper rod 
body and adapted to threadably receive a 
threaded metal rod (30) for attachment to said 
inert gas supply line and lifting mechanism 
adjacent the tundish. 

2. The stopper rod of claim 1 wherein the 
metal bushing insert (20) has an outer sidewall 
surface carrying means (24) for providing a 
mechanical Interlock between the metal bush- 
ing insert and the refractory material of the 
stopper rod body. 

3. The stopper rod of claim 2 wherein the 
mechanical Interlock means (24) Is a plurality of 
alternating grooves and flanges. 

4. The stopper rod of claim 1 whererin the 
metal bushing insert (20) is spaced a distance 
from the upper end (4) of the stopper rod body 
and the body has an enlarged countersunk bore 
(14) at the upper end (4) which Includes an 
annular surface ( 1 6) joining the bore of the body 
wherein said annular surface Is adapted to form 
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a gas tight seal with a like annular surface (50) 
carried by the metal rod (30) attached to the 
lifting mechanism adjacent the tundish. 

5. The stopper rod of claim 4 including a 
ring-shaped gasket (48) positioned on said 
annular surface (16) of the stopper rod body 
adapted to form a gas tight seal therewith when 
said metal rod (30) is threadably secured within 
the bore of the metal bushing insert. 

6. The stopper rod of claim 1 wherein the 
metal bushing insert (20) is constructed of a 
stainless steel materia). 

7. A stopper rod for use in the continuous 
casting of steel from a tundish comprising in 
combination : 

an elongated stopper rod body of a refractory 
material, having an upper end (4) and a lower 
end (6) and an axial bore (10) ex tending from 
the upper end to the lower end and including 
means (12) at the lower end (4) communicating 
with the axial bore (10) for emitting an inert gas 
to an exterior surface thereof, said axial bore 
(10) including an enlarged countersunk portion 
(14) having an annular sealing surface (16) 
spaced from the upper end of the stopper rod ; 
a metal bushing Insert (22) copressed and fired 
within the stopper rod body spaced a distance 
from the upper end thereof (4), said bushing 
insert (20) having a threaded bore (22) posi- 
tioned coaxially with the bore of the stopper rod 
body, said bushing insert including an outer 
srdewall carrying means (24) for interlocking 
with the refractory material of the stopper rod 
body during copressing and firing ; 
an elongated metal rod (30) having an axial bore 
(36) therethrough communicating with the bore 
(10) of the stopper rod and a threaded lower 
shank portion (44) which is secured within the 
threaded bore of the metal bushing insert (20), 
said metal rod (30) also including an upper 
shank portion (38) and a flanged portion (40) 
carrying an annular sealing surface (50) inter- 
mediate said upper and lower shank portions, 
said annular sealing surface (50) facing said 
annular sealing surface (16) of the stopper rod 
bore to define a gas sealing Interface therebet- 
ween ; the upper shand portion (38) being 
adapted to receive a fitting (36) for the supply of 
a pressurized inert gas to the respective axial 
bores of the metal rod and the stopper rod, said 
upper shank portion being adapted to be 
secured to a lifting mechanism to permit the 
stopper rod to be vertically moved within the 
tundish ; and 

locking means secured to the upper shank 
portion (38) of the metal rod (30) engaging the 
upper end (4) of the stopper rod to prevent 
relative rotation between the metal rod and the 
stopper rod. 

8. The stopper rod of claim 7 Including gasket 
means (48) positioned at the gas sealing 
interface between the annular surfaces of the 
metal rod and the bore of the stopper rod body. 

9. The stopper rod of claim 8 wherein the 
gasket means (48) is a ring-shaped gasket 
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constructed of a graphite materlgil. 

10- The stopper rod of claim ^7 wherein the 
metal bushing insert has a length at least 1.5 
times greater than a diameter of the lower 
shank portion of said metal rod. 5 

11. The stopper rod of claim 7 wherein the 
annular sealing surfaces of the imetal rod and 
stopper rod are chamfered surfaces. 
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@ A one-piece refractory stopper rod has an axial 
bore (10) formed therein for the introduction of inert 
gas into molten steel within a tundish. A metal bush- 
ing insert (20) is copressed into the refractory stop- 
per rod and has a threaded bore (22) which is 
positioned coaxial ly with the bore (1 0) of the stopper 
rod body. A metal attachment rod (30) having an 
axial bore (36) therethrough and a threaded lower 
shand portion (44) is secured within the threaded 
bore (22) of the metal bushing insert (20). The metal 
attachment rod (30) has an upper threaded shank 
(38) which is adapted to be secured to a stopper rod 
lifting mechanism associated with the tundish, and a 
flanged portion (40) which carries an annular cham- 
fered surface (50) fadng a like annular chamfered 
surface (16) formed in the bore (10) of the stopper 
rod to define a gas-tight seal at a sealing interface 
therebetween. The upper shank includes an inter- 
nally threaded portion adapted to receive a pressur- 
ized inert gas. The attachment between the metal 
rod and the refractory stopper rod provides in- 
creased strength, while minimizing gas leakage and 
air infiltration compared to prior stopper rod attac- 
ment configurations. 
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